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A geothermal space heat ing demonstration u n i t  t o  es tab l i sh  the  
v i a b i l i t y  o f  geothermal water i s  described i n  t h i s  repor t .  Heating o f  
a d r i l l i n g  r i g  by geothermal h o t  water from a nearby a r tes ian  we l l  has 
g r e a t l y  reduced heat ing costs. The r e s u l t s  o f  t h i s  r e p o r t  conclude t h a t  the  
saving o f  f o s s i l  f u e l s  a re  approximately equivalent t o  t h a t  lcequired t o  heat 
80 average homes i n  Southern Idaho. 
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1.0 INTRODUCTION AND SCOPE 
Current u t i l  i z a t i o n  of  geothermal energy for non-e lec t r i c  uses appears 
t o  be conf ined t o  expedient means of s a t i s f y i n g  spec i f i c  needs, 
systematic technica l  evalatu ion and u t i l  i z a t i o n  inves t iga t ions  have been under- 
taken t o  f i n d  ways t o  maximize the use of  t h i s  energy source, 
To date, l i t t l e  
The development o f  l i t t l e  used energy sources such as s o l a r  and geothermal 
has progressed s lowly  because of the r e l a t i v e  abundance and cheapness o f  f o s s i l  
f ue l  and o ther  cur ren t  energy sources, With the r e a l i z a t i o n  o f  the l i m i t e d  fu tu re  
suppl ies o f  conventional energy resources, the development of unconventional 
resources becomes c r i t i c a l  , 
Economic condi t ions,  as they e x i s t  i n  modern times, lend  credence t o  the 
propos i t ion  t h a t  Federal funding be used t o  support c e r t a i n  research and develop- 
ment a c t i v i t i e s  i n  the  development o f  geothermal energy, 
su f f i c i en t  i n t e r e s t  and incen t i ve  for  p r i v a t e  en terpr ise  t o  r i s e  t o  the  challenge 
and t o  p a r t i c i p a t e  i n  the development of geothermal resources as a v i a b l e  
system, i t  i s  deemed advisable f o r  the  Federal Government t o  const ruct  and 
operate a v a r i e t y  o f  demonstration un i t s ,  
Research and Development Admin is t ra t ion (ERDA) and other  p u b l i c  o r  p r i v a t e  con- 
cerns i s  an t i c ipa ted  f o r  many of  these demonstration un i t s ,  Some demonstration 
u n i t s  w i  11 be q u i t e  extensive whereas others w i l l  be of a ra the r  small , but  
nevertheless important, nature, 
I n  order  t o  generate 
energy 
Cooperative e f f o r t  between the  Energy 
The demonstration u n i t  described i n  t h i s  repor t ,  a l though r e l a t i v e l y  
smal 1 i n  nature, i s  a t y p i c a l  example of a new and novel approach t o  the saving 
o f  f o s s i l  f ue l  and development o f  geothermal energy through the u t i l i z a t i o n  o f  
an e x i s t i n g  geothermal source, 
In December 1974, d r i l l i n g ,  i n  the Raf t  River  Va l ley  i n  Southern 
Idaho, o f  the f i r s t  deep exp lo ra to ry  gec&bemal we l l  was i n i t i a t e d  by the 
Reynolds E l e c t r i c  and Engineering Company (REECO) under cont rac t  t o  ERDA, 
Fiaures 1 and 2 i n d i c a t e  the l o c a t i o n  o f  t h i s  we l l .  F igure 3 shows the  ” 
d r i l l i n g  r i g .  
Idaho w i t h  severe low temperatures i n  January as low as -27OF. 
The c l imate  o f  t he  R a f t  River Va l ley  i s  t y p i c a l  o f  Southern 
D r i l l i n g  
operat ions are  normal ly ca r r i ed  ou t  i n  the open o r  i n  semi-sheltered 
1 
Fig. 3 .  Southern Raft River Valley and Frazier Known 





minimize personnel discomfovt,+drilling rig working  platforms and cel lars  are 
normally heated w i t h  ei ther e lec t r ic  space heaters or w i t h  fossil  fuel generated 
h o t  water or steam space heaters. 
To prevent extreme s t i f fness  of greased working parts as well as t o  
An artesian geothermal well, dr i l led many years ago is  located i n  near 
proximity of the s i t e  selected to d r i l l  the f i r s t  deep exploratory well 
(Figure 4 Photo).  
artesian geothermal well to replace the normal fossil  fuel heated hot  water t o  
temper the climate on and under the d r i l l i n g  rig. 
of this  well, often referred t o  as the Frazier hot  spring or Schmidt well. 
I t  was decided t o  attempt to use the hot  water from this 
The fol lowing i s  a description 
FRAZIER HOT SPRING AND WELL 
"There i s  a h o t  well i n  the N&N&sec.23,T.l5S., 
l?.26E, a t  an alt i tude o f  4,930 fee t  a t  the foot of 
the range on the west side of the Raft  River Yalley. 
Before the well was d r i l I e& there was a warm 
moist spot of ground a t  th is  place stained w i t h  
spring deposits. C .  W .  FrazCer, the owner, dr i l led 
a well 400 fee t  deep here and obtained a flow of 
about 120 gallons a minute w i t h  a reported tempera- 
ture of 204' F. The temperature of the water a 
few feet  away from the well was found to be 196O F. 
The well was dr i l led into alluvium, b u t  i t s  ho t  
water may have ascended along a large fau l t  t h a t  
probably bounds the mountain range nearby. The 
well flows because of i t s  h i g h  temperature and 
the included steam and i s  not necessarily i n -  
dicative of the existence of an artesian basin. The 
h i g h  temperature of the water a t  the surface 
suggests that  i t  is superheated not f a r  below the 
bottom of the well. The water i s  used a t  present 
for irrigation. 'I 
This report described the layout and design of the heating system a s  
0 well as an analysis of the o v a t i o n  and economics. of the system. I 
5 
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2.0 LAYOUT AND DESIGN OF SYSTEM 
Figure 5 i s  an overall sketch which shows the general layout of the 
geothermal heating system as installed i n  and around the dr i l l ing s i te .  
Geothermal water a t  a temperature of 199.4OF flows from the cased well 
(shown in Figure 4 )  some 3,000 fee t  from the d r i l l  s i t e .  A small gasoline 
operated pump boosts this  water through a fiberglass insulated, 2-7/8 inch, 
highdrill tubing t o  a small pumphouse located jus t  west of the d r i l l  s i t e  
(Figure 6, photo). 
heaters then th rough  a water storage tank and discharged into the mud pi ts  as a 
supply of makeup water or t o  reserve pi t .  
The water i s  pumped from this  p o i n t  t h r o u g h  four parallel 
Geothermal water i s  used t o  maintain above freezing temperature of water 
i n  a large (about 21,000 gallon) water storage tank as well as t o  supply heat 
through four finned tube, fan driven, space heaters. Two of these heaters are 
located i n  the "cellar" under the d r i l l  r ig operating floor and two located on 
the operating floor. The four finned tube space heaters were of unknown make b u t  
were essentially designed as shown on Figure 7. 
photograph of one of  these heaters. 
Figure 8 (photo) shows a 
The water storage t ank  heater i s  simply a 2-7/8 inch black iron pipe which 
passes through the lower portion of the end heads of this  large horizontal vessel. 
The pipe i s  welded to the t ank  heads a t  both ends. This single pass system has 
been very effective i n  maintaining above freezing temperatures of the contents 
i n  t h i s  t a n k  even t h o u g h  u n i n s u l a t e d .  No i n l e t  o r  o u t l e t  geothermal water 
temperatures could be obtained on this system. 
The "cellar" area located beneath the dr i l l ing floor i s  essentially an 
enclosed area. 
from the convectors i s  mainly intended t o  moderate the temperature of the air  and 
the equipment i n  the area around the d r i l l  system including the blowout protection 
No at tempt  is made to heat the ent i re  area, b u t  rather the heat 
gear. 
7 
The drilling floor is essentially open to the atmosphere, however, 
8-foot high metal and canvas walls have been installed on all four sides. o f  the 
platform. 
enclosed area, by the fans on the convectors, minimized the mixing of colder 
atmospheric air with that heated geothermally. 
Although this area is open on the top, circulation of air within the 
8 
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3.0 TECHNICAL DATA AND EVALUATION 
Figures 5, 7 and 8 show the design and l o c a t i o n  o f  the ho t  water space 
heaters fed w i t h  geothermal water. 
a distance o f  3,000 f e e t  thy,ough a 2-7/8 inch i r o n s p i p e  " .  t o  a small pump house 
(Figure 6) where the ho t  water i s  again pumped t o  c i r c u l a t e  a t  50 gpm through the 
heat ing system. The 
fo l l ow ing  diagram ind ica tes  the d i s t r i b u t i o n  system: 
H o t  water i s  pumped from the geothermal wel l  
Chemical analys is  o f  the hot  water appears i n  the appendix. 
CONVECTORS I , #1 
- 
DISTRIBUTION SYSTEM 
D i  sc harge Water 
temp. = 136.4OF 
The geothermal water experiences a 23.4'F temperature 
drop between the  we l l  head and the pump house 
minimum by enclosing the  transmission p ipe w i t h  f i be rg lass  b u i l d i n g  i n s u l a t i o n  
t i e d  every 10 ft. w i t h  f i b e r  tape. A t  these losesp the  geothermal water could 
be t ransmi t ted a t o t a l  o f  4.1 mi les before l o s i n g  i t s  usefu l  heat, 
w i l l  be undertaken t o  determine deposi t ion when the  d r i l l i n g  operat ion i s  
compl eted, 
00780F Loses are kept  t o  a 
Experiments 
1 3  
The d i s t r i b u t i o n  system from the pumphouse through the convectors 
and water storage tank i s  a closed system and thus no measurements o f  water 
temperature o r  deposi t ion could be determined. A1 though the convectors vary 
t o  a small degree i n  t h e i r  physical  cha rac te r i s t i cs ,  the  f l ow  o f  water i s  
assumed t o  be equal ly  d iv ided between the convectors and then blended before 
being fed  t o  the water storage tank heater. 
Geothermal water f lows t o  the  convectors through a 2" water hose i n t o  
3/4-inch diameter f inned tubes. A 3/4 - 1 HP e l e c t r i c  motor d r ives  a fan  w i t h  
24" diameter blades t o  fo rce  a i r  over the convectors. 
g ives data f o r  2 o f  the 4-convectors. 
and Convector 62 was located on the operat ing f l o o r .  
The fo l l ow ing  tab le  
Convector #1 was located i n  the " c e l l a r "  
Convect o r  #1 Convector #2 
A i r  Temperature ( i n l e t )  
A i  r Temperature (ou t l  e t )  
A i r  Temperature d i f f e r e n t i a l  
Water Flow Rate (Estimate) 
Ef fect ive Area o f  Convector 
A i r  Flow Rate - Ve loc i ty  
Water Temperature ( in1 e t )  
Water Temperature (ou t l  e t )  
(Note: 
- Volume 
The above were used t o  approxi-  
mate water temp, drop and measured 
by p ipe  temp.) 
Estimated heat given o f f  
Heat Avai 1 ab1 e/Convector 





1,234 f t /min 
6,046 cu f t /m in  
Not taken 
Not taken 
4,9 sq, ft. 
42.8OF 
91.4OF 
48 , 6OF 
12.5 gpm 
1,267 f t / m i n  
6,766 cu f t / m  
120,2OF 
1 02, 2 O F  
5,3 sq. ft 




Btu 4256  in 
14,785 !3& 
28% 
The t o t a l  heat ava i l ab le  between water o f  the pump house (176°F) and t h e  discharge 
(136.4OF) i s  16,262 Btu/min which i s  d i s t r i b u t e d  by: 
Heat given o f f  by convectors 
Heat given o f f  t o  water storage tank 
Conduction losses i n  d i s t r i b u t i o n  system 
1. 
2 .  
3. I n e f f i c i e n c y  o f  convectors 
4. 
14 
The t o t a l  heat ava i l ab le  per convector t o  ambient a i r  .temperature on the  
date the  measurements were taken was 14,785 Btu/min. 
i n  the  above tab le  represents the a b i l i t y  o f  a spec i f i c  convector t o  remove a l l  
o f  the  ava i l ab le  heat. These e f f i c i e n c i e s  are  i n  f a c t  somewhat low s ince the 
ca lcu la t ions  d i d  no t  inc lude heat given o f f  t o  the  water storage tank, 
Thus, the e f f i c i e n c y  l i s t e d  
The d r i l l i n g  r i g  normal ly employs a ho t  water b o i l e r  system w i t h  a 
c a p a b i l i t y  o f  70 b o i l e r  horsepower, Calcu lat ions i nvo l v ing  a b o i l e r  system w i t h  
s i m i l a r  temperature condi t ions and flow ra tes  gives an estimated saving of 15-20 
gal lons o f  f ue l  o i l  an hour. A t  an average r a t e  o f  354 
t h i s  r e s u l t s  i n  a savings o f  $3,780 - 5,04O/month, o r  the equiva lent  o f  heat ing 
80 average homes f o r  one month. 
per  ga l l on  f o r  fuel o i l ,  
I t  must be noted t h a t  the  e f f i c ienc ies  and evaluat ions made on the  
geothermally fed  space heaters were done on a s ing le  day analysis.  Although 
these values may change w i t h  d a i l y  c l i m a t i c  condi t ions,  the capaci ty  o f  the 
space heaters fed  by geothermal water t o  mainta in  an above f reez ing  temperature, 
should remain consis tant .  Therefore, estimates on the fue l  savings approximate 
a r e a l i z e d  po ten t i a l  t o  maximize the  uses t o  which geothermal energy can be 
appl ied.  
15 
4.0 CONCLUSION 
small a t  best, the saving of  approximately $4,00O/month and the  corresponding 
conservat ion of deplet ing f o s s i l  f u e l s  tend to  enhance i t s  r e l a t i v e  importance. 
The Reynolds E l e c t r i c  and Engineering Co, (REECo) w i l l  soon be d r i l l i n g  a 
second we l l  f o r  the r e i n j e c t i o n  of t he  product ion wel l  water, 
evaluat ion o f  deposi t ion w i  11 be conducted, and the heat ing system reassembled 
a t  t he  new s i t e ,  
A1 though the  preceeding example o f  one geothermal app l i ca t i on  seems 
A t  t h a t  time, 
Fur ther  examination w i l l  be undertaken t o  maximize the  
u t i l i z a t i o n  of geothermal water, 
16 
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TABLE I 
Chemical Analyses of Hot Wells i n  Raft River Valley 
(Chemical Consti tuents i n  MilligramsJer - - - - - I  - - . -  L i t e r )  " 
Reported Well Depth ( f t , )  
Discharge (gpm)-reported, and var iable  
Temperature (OC)  
S i l i c a  
Cal ci um 
Magnes i urn 
Sodi um 
Po t a s s  i um 
Bicarbonate 
Carbonate 




N i t r a t e  
Dissol ved Sol ids (Cal cul a ted)  
D i  ssolved Sol i d s  (tons per ac re - f t )  
Hardness (as  CaC03) 
Hardness (non-carbonate) 
Speci f i  c Conductance 
pH ( f i e l d )  
A1 kal i n i  t y  ( a s  CaC03) 
Percent Sodi um 


























*Schmitt o r  Frazier Hot Well a r e  conunon names given t o  the geothermal artesian Well 
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Table I1 
Chemical Analyses o f  Hot Wells - Speci f ic  Elements 
( i n  ppm except as indicated)  
Mercury (ppb) 
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